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i : SUMMARY *

. A multidimensional descriptive study of feline lymphoma was
perzormea using age, sex, cell type, and tumor location of 1733 cases.
The interactions between these 4 variables were determined and interpreted

itatisticallv, Particular consiieration was given to the relatiomships

3I age o tumor location. age to sex, and tumor location to cell type,
wnizn were snown to be the major interactious in the study. The use of
computer analvsis of the multiwav frequency table is discussed. The
suzgescion is orfered chat investigators consider the use of the
muAfiwav frocuency taple wnere possible in future studies of various

H 1iseases o ennance the depch of their conclusions.
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Characteristics within a disease population can sometimes help to
: derine the discase itself. These characteristics or variables rarely,
if aver, exisct without some mutual association to each other. Employing
1 these associations or interactions as a foundation for a biological
nypothesis, the total picture becomes more complete if one examines all
interactiens simultaneously. Incorporating many variables in a descriptive
sfudy tends to emulate nature more closely, but the issue orf explaining
the interaccicns becomes more difficult if too manv variables are used.
A 3ince data inm 2zeneral have a quality of randomness, it follows that the
Tore vrdriabices examined in a population study, the larger the sampie
! size snpuid b2 TO assure adequate representation of those variables.

1 daliznant Lvmpnoma is counsidered the mostc rrequently occurring

(o9}

. - o . L . L . . .
lancer in cacds, and is associated with a virus. feline leukemia virus

Chie age-reiated incidence rate of the disease is bimodal, peaking
: 2 L
at around 2 sad (0 vears. Males have a 2-fold excess in incidence over

femaies, (lales peak in incidence at about 7 yvears of age, Females peak

; it 1pout L vear, According to some, malignanc lvmpanoma has certain
ce . 3,4.,10 L .
distinct cell tvpes. i Others feel that the various types are

manifestations of the same cell, but simply in different stages of
ial / ‘

) 3,%,10 . R . .
maturation, "’ From the standpoint of tumor location, the internal

form (visceral) is much more common in cats than the multicentric or

U

solitary forms.

A method of simultaneous examination of numerous discrece variables

S
3~

exists usinyg a multiway frequency table. The number of patients
studied must be at least 10 times the number of cells in the table.

This study presents such an analysis involving age groups, cell tyvpe,

sex and tumor location of feline malignant lymphoma.
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literialis ana Mletnods ‘

he scuav was conducted using the records of the Alameda/Contra
ZJosta Animal Necoplasm Registry. A complete description of the registry
15 prasentea in the literature.ll Tumor submissions were those first
ilaznosed between January 1970 and December 1978, A total of 1728 cases
V1t complete inrformation was submitted during that period. For this
udv, 2acn :3Se was catagorized by sex (neutered female, intact female,
1aurereg Tate, intact maie); age groun (0-4 years, 5-3 years, 9 vears or
s.dery ;s Tumer Locaticn (abdominal, thoracic, mulcicencric);& and ceil

Tvoe - omonoevIil wall-differentiatea, lyvmpnocvric ooorly-differentiated.

2-r2iiiod ilacLdence. The fscilowing codes were used to designate the
Tiasies:t A-age, s-szex, C-cell tvpe, and L-tumor iccaction.
coss—ciissilficarion of the 1728 cases cver the 4 variables created
1 muLtiwav Ira2quency capie (Table 1). It counsisted of 108 cells, 5 of
sulcn nad zerd Irequency, probably due to sampling variacions and would
2 axsecT2ue I e neon-zero if cthe sampies were bigger. [t is uniikely
w1Zh zna iarze sampie size in this study that any empty celils would have
1 tTue zxsected value of zero. The zero frequencies were replaced by a
iraguency 3Cf one to facilitate computer analysis, thereby augmencing the
sampie size co 1733 cases.

Anaiysis of the muitiwav frequency was Jone using a program

1 “»

designated, IMDPIF.”'" This particular program tests for associations
among <he variables (bivariace and more complex) by titting models
invoiviayg the variables. The gval of this type of analysis is to tind a

model that has minimal complexity while exhibiting good fit, which is

then identified as the 'best” model. For each model fit, the program




. . SR 2
orincs a zoodness orf fit statiscie, G

, thé log-likelihood ratio. This
stacistic, ZIor large samples, is equivalent to the Pearson chi-square

bl
statistic. G~ is calculated as:

} .
"s all observe
53 = 2 ——— | observed x log ———————4i
a expected
ceils
A signiricancly large 5§ statistic indicates a significant discrepancy
vetween :the observed frequencies and those expecred for that model. The
. s . 2 . -
program has che capability of calculating the G~ value for all models of
increasing ccompliexitv starting from the complete independence model,
12 prasent studv, Co the completely saturated model,
) 2
{ASLC)., As tne models tested become more ccmplex, the G° valuye becomes
2
smaller, indicating a becter f£it. The changes in G~ between adjacent
moaels witn corresponding changes in degrees of freedom are used to test
wnether increasing che cemplexitv of the model achieves a significant
improvement :a the goodness of fit.

“here Zne numper of possible models is large, a screening procedure
is availavle o help focus on the several models that might be
aoprosriate, wiile eliminacing thouse models that warrant no consideration,

2
The program autcmatically princs G~ statistics for the complete
independence model (A)(S)(L)(C) in the present study; the all possible
firsct-order interactions model (AS) (AL)(AC)(SL)(SC)(LC); the all possible
second order interactions model, (ASL)(ASC)(ALC)(SLC); and so forth if
higher order interactions are possible. The "best'" fitting model usually
will be a model in complexity somewhere between the most complex model
automatically ¢it indicating lack of tfit and the least complex mogel
automatically fit iadicating good fit. It is between these two models

that subsequent search efforts are directed. The search may be

accomplished by fitting all models in compiexity between these two wmodels
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'r 9 UsInY 2 scevpwise selection procedure,’ The forward stepwise
crooreure scarss wich the least complex model automatically fit
indicating lackK of Iit and in a stepwise manner adds higher order
lnreracetizas uncil 3 good fitting model is achieved. At each step the
interaaezisn added is that which produces the most significant reduction

2l

In cne size or the G obtailned for the model of the previocus step., The

on srocaqure SLops at that step when the remaining interactions

[

-y
i4mnoT croquce a statistically significanc reduction in the size of G™.
The oacwwara a2iizinazion orocecur: starts with the most complex model
it inaicacing go0d tit and ia a scepwise rfashion removes

n2 niznest corcer incteracctions until a model is fit that ano longer

.II2TSTLIN I.aaC wnen removed makes tne least impact on the size of the

v n che oresent studv tne scereening procedure was used

(&

WlZd tota ne forward stepwise ana backwurd elimination proceaures.

Subseuuentiy all possible models were fit 3s a check.

Cetih s
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The initial screening sihowed that the observed data were not

2ompatible with the complete independence model and that the model

Ie]
(g

concaining ail :cossible firstc-order interactiouns gave a gzood fit.
locdels iavolving second- and third-order interactions were excluded from
Ifurcher comsideracion. The best fitting model therefore was between

{3){3) (L) (C) 2na (A3)(AC) (AL) (SL3(SC)(LC).

A siizic incounsistency emerged in the forward stepping procecure.

-

Q2 searcn went tarough 3 steps. vielding two models:

CALYTASYLLE) (SC Ay (1)
ana
{AL; (AS) (LC) (AC) (SL} (2)

Tlese wo mecels were both indicated as suitable because the change
1S AT 3Iep 3 serween inciusion 2f (SCY or (SL) was very close.
J3inz che backward elimination procadura, the selecrtion stopped
ircer (3C) was removed, yieiding model (2) above. In ligbt ot this

ustifiable to usa either model above, or cthe

(AL) (A3){LC) (AC) (SL) (SC) (3}

B

n tne srward stepping procedure, major reduction in 7 at steo 1

r-1

<ouid have oeen made by including anv of the interactionms, (AL), (AS),
or (LC) in cthe model. I[n Facc, they were che first ) interactions
inciuded in rhe model and represent the three strongest interactions.
The remaiaing first-order interactions were of a lower magnitude as
a]
snown by thelir lesser impact on G° at scep L.
Since the final model contained aothing bigher than the first ocder

(bivariate) interactions. rfurther statistical interpretation was possible

by cullapsing the 4-wav table (Table 1) to a series of 2-way tables

it




i represencing each of the interaccions (Tables 2-7). Each cross
:lassiiiczacion of Tables 2-7 contains 2 numbers. The upper aumber is
ne ooservea -requency for that cell. The lower number is the ratio of
sservizd frecuency to the expected frequency.
The oni sauare values for Tables 2, 3, and 4 were above 90 and

rapTRsS2NC e strongest bivariate reationshios exhibited in the data.,
1 Jable [ dezscribes rche relationship between age and sex, and indicates
nac veung intact cats of both sexes occur more frequently than expected
" in tie samoplile. Addicionallv, fewer than expected intact animals of both
jeres oleurred in tne nid-age and old-age groups. For neutered animals
27 zora sexes the raverse age pattern was noced.

Tidble 3 compares age to tumor location. In voung cats, there was
t pauciiv :f iddominal cumors and an abundance of thoracic tumors. In
nig— :ng oid-age 20c03, the apdeominai-choracic tumor pattern was reversed.

The multicentric tumors siowed little if anv ag redisposition.

T
el

sbl2 i, the observed number of multicentric and abdominal
sumers with tne aistiocytic cell tvpe was nigher than expected, while H
tha well- ina poorlv-dirferentiated lympnocytic ceil types in multicentric
snd aodominal locations were ubserved to be fewer than expected., Well-

ind soorlv-cifferentiated lymphoeveic thoracic tumors were abundant

whilzs histrocveic tumors of the thorax were sparse.

Although the chii square values for Tables 2-7 were all signitficaunt,
those for Tables 2, 3 and 4 were considerably higher and the
aobsarved expected ratios for Tables !, 3 and 4 generally had a wider

variacion from a value of one. Wearly all the observed frequencies in

Table 5 (cell tvpe by sex group) were close to the expected frequencies.

Tiie exceotion to this was the paucity of histiocytic cell types among

intact females and of lymphocytic well-differentiated among neutered




males, as well as a mild abundance of lymphocytic poorly-differentiated
among intact females.,

Table 6 is somewhat difficult to summarize. Suffice it to say that
among young animals there was a paucity of the histiocytic cell type and
that among the mid-age and old-age groups the histiocvtic tumors were
more abundant than expected.

In Table 7, it appears significant that the "female' row provided
most of the departures from expected frequencies; that is, more thoracic

and less abdominal and multicentric tumors than expected.

Discussion

Some of the reasons for conducting a study such as this are to
define certain associations between disease characteristics that mav
suggest interaccions of various biological phenomenon; or to point out
a possible similarity with results of studies conducted from a different
prospective, but arriving at the same point. Additionally, this study
illustrates the use of the multiwav frequency table analvsis, a
procedure not too often used in medical research.

A second-order interaction is one in which the pattern of
association between 2 variables is dependent on the level of a third
variable, One can perceive from this how a third-order interaction may
behave. It is unfortunate that only first-order interactions emerged
from this study, but the method of analysis is illustrated. Without
this method, it would be tempting to conclude that trivariate and higher
interactions do exist, based on only visual inspection of the tables.
Such a conclusion would be done without the benefit of any statistical

interpretation such as was attempted here.
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Studies have shown that age plays a part in initiation of the

. lisease, - )t the intact animals in our studyv, perhaps natural

| selection through lack of resistance =2liminates them from the population
xC a1 vounz 32, leaving fewer than =xpected in the older groups. On the
a2y ana. since the reverse -ras true or neutered animals, perhaps sex

aormsnes Dist 1 nart in exorassion of the disease, once infected with

tov and possibiv an explanation or thae paucity of histiocvtic
el Cwres Lnotnoracic tumors mizghit Se round in a study of human
e CLL7 .
noolImini Tonucma tacients in Saudil Arabia in wnich chere was a
i T2neenst tor nistiocveoic cell types to oresent as abdominal lesions.
Locnar aumad studv . indicates that a predominance of one B cell line
13 associated wicl well-diiferencizred ivmpnocvolc ell type and cases
2oy cecrcasea 3 cenl populaticn are primarily or the peorly-
tCliley lvmonocvtic cell tvpe. This same renort suggests that
ufur2 noronciocgle studies of the disease should include simuitaneous

immunoiogis classiriicativn. Using the multiwav [requency table, one

loULL «nSdnu Iidb o suzoestion o inciude tumer location, which was sacwn

oot strongly with cell Ivpe 1 our study., Some say thoracic

, . .. .. 19-21
zumors .ire orimarily T ceils und abdominal tumors are B cells. ™’

Althougn this studv was intenaed mainlv to further charactevize the

disease., additional studies using the same techniques but with ditferent

| varicbl2s may saed light on prognosis und cherapy of the disease.

'
)
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TALLE l—ultiway fregquency taole of 1723 cases of feline

R W) B

-ymoncsarceona greuved by age, sex cell type and tumor site

No. of cases by age
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’
riate relationship of age to sex (AS)

Sex
Intact Neutered Intacc Neutered
L male male femaie female
Touny Ibservead 282 347 207 233
lacic L.172 0.840 1.238 0.940
Higenyge )psarvas 32 195 32 72
Tazil 2703 1.397 0.567 0.360
3
]
Sid Msarved 0 1z8 32 37
Lo 3.0753 1,093 0,075 i.380
ohl satace = w0L03 with o d.2. p < 0,00L.

bserven fragquencvsexpactad

frequency.

. an.

e e A e
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TABLE 3-—3ivaviate relationship of age to tumor location (AL)
Age
Location Young Mid-age 0ld
Muitizeniric Observed i93 136 108
Ratio 1.060 1.025 .970
Abdominal Observed 253 169 172
latio 0.824 1.169 1.318
]
Thioralc Jbserved 323 56 23
Ratio 1.303 0.669 3.327
Uai sguzre = 102,339 wich 4 d.F, p < uU.001.
" Qitio: Jbserved frequencv/expectad fraquency. ]
!
i
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i—-ivariace

relacionshio

of tumor location to cell type (LC)

Tumor location

) o

Jdbserved

Ratio

Observed

At

Jbserved

Ratio

Multicentric Abdominal Thoracic
154 145 148
0,937 0.810 1,527
326 363 25
i1.131 1.156 0.522
157 186 159
0.851 0.925 1.365

.

. ——

PRENPT Mmoo v b

4 d.f. p < 0,001,

crved irequency/expected frequeuncy.




TABLZ 5—3ivariate relatioaship of sex to cell tvpe (SC)

Sex
Intact Neutered Intact Neutered
L Cell =wvpe Male male Female femaie
Lympnocvoic, well- Observed 103 150 33 111
differenciated Rati 1,024 G.363 1.187 1.070
distioczic Yhserved 177 328 93 186
Qatic 1.003 2.082 0.759 1.023
{
t
Lvmonocwrzis. pooriv- Jdbservad 110 192 a5 105
differantiatea Ratio J.974 0,989 1.210 0,992

Chi sguuare = 10,0206 wich & d.7. ¢ < 0.005.

Ratio: bhserved Irequencys/expected Irequency,

e

- -
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TA3LID S—2ivariate relacionship of age to cell type (AC)

Age

Young

Mid-age

Jld

Lmpncevoiae, well- Observed
PR . ‘*
iiffeorenciaced Ratio
Glagroevris Jdbserved
Ratio

Observed

434

1,397

1.046

108

1.033

166

1.211

Tatio:  dbservea frequancy/expectaa fregquency.

Jal szuzre = 30053 wita 4 Jd.Z. p < 0.001.
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’
TABLE 7—3ivariate relationship of sex to tumor location (SL)
Sex
Intact Neutered Intact Neutered
Locaticn male nale temale female
Mulcicencric Jbserved 145 251 83 158
natis 1.011 1,019 0.833 1.069
Abdominal Jbserved 130 194 95 155
laTio 3.360 1.096 0.875 0.963
Thoraic dbserved 95 12z 93 89
Racio 1,950 D.304 1.479 0.954

Cal square = 22.023% with o 4.2, p < 1.001,

Ratio: oSbserved Irequency/expeccad Sraguency.







